The goal of this study was to provide information about the incidence and method of treatment of intraoperative technical problems during EVR of complex aneurysms.
METHODS
From February 1995 to March 1999, 346 patients were evaluated for EVR of AAA at our institution. Of those, 204 patients (59%) had EVR of nonruptured AAA. Procedures performed by our surgeons and radiologists in other teaching hospitals were not included in the study. There were 198 male patients and six female patients, with a mean age of 72 years (range, 47-88 years). Of those, 114 patients (56%) were considered at high risk for open repair because of the presence of one or more of the following comorbidities: angina (class III or IV Canadian Heart Association; n = 15 patients); complex ventricular arrhythmias (n = 1 patient); heart failure (class III or IV New York Heart Association) or poor left ventricular function on resting echocardiogram (n = 18 patients); forced expiratory volume in 1 second less than 50% of predicted normal value (n = 19 patients); serum creatinine more than 150 µmol/L (n = 23 patients); international normalized ratio of more than 2 (n = 1 patient); platelet count of less than 60 × 10 6 /L (n = 1 patient); hostile abdomen (n = 10 patients); inflammatory aneurysm (n = 3 patients); and aged more than 80 years (n = 23 patients).
On the basis of the exclusion criteria for other contemporary systems, 109 patients (53%) were not candidates for most of the commercially available devices; 99 patients in the Nottingham system and 10 patients in the Zenith group (Zenith; Cook Europe, Bjaeverskov, Denmark). These criteria were as follows: proximal neck diameter of more than 28 mm (n = 31 patients), common iliac diameter more than 16 mm (n = 69 patients), or neck length of less than 15 mm (n = 9 patients).
Two types of grafts were used. Detailed descriptions have been previously published. 7, 8 In brief, the first (Nottingham system) is a home device made of uncrimped Dacron (Vascutek, Renfrewshire, UK) and supported by self-expandable Gianturco stents (Cook Inc, Bloomington, Ind). The system was used in 176 patients, of whom 172 patients had an aorto-uni-iliac graft with contralateral common iliac artery occlusion and femorofemoral crossover and four patients had an aortoaortic graft. During the study period, a number of graft modifications were made. Ninety-six grafts were supported by proximal and distal stents only, and 80 grafts were stented for their entire length. One hundred twenty-eight grafts were infrarenal grafts, and 48 grafts had a proximal uncovered stent with hooks and fine flexible spikes deployed above the renal arteries. This version of the Nottingham system is the one that we use currently, and we believe that it may be associated with improved proximal fixation. The second graft used in our series (Zenith system) is a commercially available, modular, bifurcated graft. It is also made of Dacron, is fully supported by Gianturco stents, and has a proximal suprarenal uncovered stent with fine flexible spikes. The Zenith graft was used in 28 patients.
All grafts were custom-made based on the measurements obtained by spiral computed tomography scanning with multiplanar reconstruction or magnetic resonance angiography. Preoperative calibrated angiography was not routinely used. All procedures were performed in the operating room, by a team consisting of a vascular surgeon, a radiologist, and two assistants. The type of anesthesia was determined by the anesthesiologists. In our series, all procedures were performed under general anesthesia. Bilateral common femoral arteriotomies were used. Radiographic visualization was obtained by an image intensifier (Siremobil 2000; Siemens, Erlangen, Germany).
Adverse outcome was defined as any recurrence, complication, or death (early or late) that was related to the intraoperative problem or its treatment. All patients underwent spiral computed tomography scans before discharge, at 3 months and 6 months, and yearly thereafter. According to our latest protocol, images were acquired with 5-mm thick transverse cuts at 3-mm intervals. The mean duration of follow-up was 15.3 months (range, 1-48 months). All patients were entered prospectively in our database. Eight of 204 patients (4%) were lost to followup. For the study, the database and medical charts were reviewed and examined for the following items: the incidence of intraoperative technical problems, the method of treatment, and adverse outcomes. Statistical analysis was performed with the chisquared test for the categoric variable.
RESULTS
One hundred twenty-three procedures were uneventful (60%). In 81 cases (40%), there was an intraoperative technical problem, 75 of 176 in the Nottingham group and 6 of 28 in the Zenith graft group (Table I ). There were 37 endoleaks (27 proximal and 10 distal), 15 graft stenoses, one failure of graft deployment, two graft thrombosis, three aor-toiliac ruptures, five renal artery occlusions (one bilateral and four unilateral), and 18 internal iliac artery occlusions (five bilateral and 13 unilateral). All internal iliac artery occlusions were unintentional. During deployment, the graft covered the vessel origin.
There were 27 patients with proximal endoleaks. Successful treatment was achieved with balloon dilatation in 11 patients and with extension piece placement in four patients. Six patients underwent open procedures, and six patients were treated expectantly. Dilatation of the proximal stent with a 30-mm balloon (Cook Europe, Bjaeverskov, Denmark) was performed in 13 patients and was successful in 11 patients. During follow-up, only one of these patients experienced the development of recurrent proximal endoleak.
Stents covered with graft material (extension pieces) were used in six patients. In five patients in the Nottingham group, the proximal stent slipped down during deployment, and the extension piece was placed from the infrarenal aorta to the original graft. The sixth patient had a 90-degree angulation of the aneurysm neck, and a Zenith graft was designed with a nonstented gap between the two top covered stents. After deployment, there was significant graft angulation at the level of the gap, which prevented full expansion of the proximal covered stent. An extension piece was placed across the gap. This reduced the angulation of the graft and allowed the proximal stent to seal the leak. Four of six extension pieces used were able to seal the proximal leak; one patient required open procedure, and one patient with persistent leak was observed. During follow-up, one of the four patients who were successfully treated with an extension piece experienced the development of recurrent endoleak.
A total of six patients underwent open procedures for the treatment of proximal endoleak; four as the primary intervention and two as the secondary treatment after failed balloon dilatation or extension piece placement. Two patients underwent open aneurysm repair, and four patients underwent open periaortic ligature placement. One of two patients who underwent open aneurysm repair and two of four patients who had periaortic ligature placement died during the early postoperative period. The cause of death was multi-system organ failure, acute renal failure, and colonic ischemia, respectively. The remaining three patients did not experience the development of recurrent endoleaks.
There were six patients with proximal endoleaks who were treated expectantly. All of them were high risk for laparotomy. The cause of the leak was distal migration of the top stent not amenable to endovascular treatment in four patients and persistent leak after failed balloon dilatation or extension piece placement in two patients. Of these six patients, three died in the immediate postoperative period, one of myocardial infarction, and two of aneurysm rupture. The remaining three patients had persistent proximal endoleak and follow-up computed tomography scan showed an enlarging aneurysm sac. Two patients underwent open periaortic ligature place- (21) 81 (40) ment (2 and 6 months after their original operation, respectively); one patient continues to have a proximal endoleak, but his heart failure precludes laparotomy. There were 10 cases of distal endoleak, five cases originating from the distal aorta or iliac artery and five cases originating from the occluder. Distal aortic leak occurred in two aortoaortic grafts, which were converted to an aorto-uni-iliac graft by placing an extension piece. Iliac leak occurred in three aorto-uni-iliac grafts. The condition of the first patient, who received a short graft, was managed by the placement of an extension piece from the graft to the distal common iliac artery. The second patient, who had an inadequate distal seal, was treated with a Wallstent (Schneider Europe AG, Gorway, Ireland) placement. The third patient underwent open aneurysm repair after the failure of an extension piece to seal the leak. Occluder leak required one additional occluder placement and three extraperitoneal common iliac ligations. One patient with a small leak was observed, and follow-up computed tomography showed the leak to be sealed. During follow-up, none of these patients experienced recurrence.
There were 15 graft stenoses. Twelve partially stented grafts developed a kink and required Wallstent placement. Three iliac limb stenoses were treated successfully with balloon dilatation. None of the patients experienced the development of recurrent stenosis. There was one failure of deployment of a Zenith graft. The short limb opened inside the contralateral iliac artery and had to be converted to aorto-uni-iliac graft with femorofemoral crossover. There were two graft thromboses. The first patient had an aorto-uniliac graft and underwent thrombectomy. The second patient had a thrombosed limb of a bifurcated graft and was treated with femorofemoral crossover. None of them experienced the development of recurrent thrombosis.
Three intraprocedural aortoiliac ruptures required conversion to open repair. All of them occurred with the Nottingham system. The first patient experienced premature deployment of the proximal stent. During attempts to remove the graft, the infrarenal aorta ruptured and required ligation and axillofemoral bypass graft. The second patient became hypotensive in recovery because of an aortic neck rupture, which was repaired during laparotomy. Both of them died during the perioperative period, one of hemorrhagic complications and the other of multisystem organ failure. During the third case, there was considerable difficulty in the advancement of the endoprosthesis because of iliac tortuosity. After the graft was placed, the patient's condition became hemodynamically unstable. Laparotomy confirmed ipsilateral common iliac rupture close to the aortic bifurcation. The internal iliac was ligated; the graft was sutured to the external iliac artery, and the patient recovered without further complications.
In one patient the infrarenal graft was deployed higher than planned and covered both renal arteries. By the use of an angioplasty balloon, the graft was pulled into the infrarenal aorta. There were four patients with unilateral renal artery occlusion; in three of these patients, the graft covered the artery, and the fourth patient had renal artery embolus during graft deployment. All of them were treated conservatively. Three patients did not experience renal failure, but the fourth patient receives chronic hemodialysis therapy. Five patients had inadvertent bilateral internal iliac artery occlusions and were treated expectantly. Two of these patients experienced the development of persistent paraplegia, one claudication and two asymptomatic. Thirteen patients with inadvertent unilateral internal iliac artery occlusions were also treated expectantly. One experienced the development of partial-thickness colonic ischemia, which resolved with supportive care; the rest of the patients did not have any complications. Overall, of 81 intraoperative problems, 37 problems (46%) were managed successfully by additional endovascular interventions, 15 problems (19%) were managed by open procedures, and 29 problems (36%) were managed expectantly. Endovascular interventions included balloon dilatation (n = 15 patients), placement of an extension piece or additional stent (n = 21 patients), and thrombectomy (n = 1 patient). Open procedures included periaortic ligature placement (n = 4 procedures), open aneurysm repair (n = 6 procedures), common iliac ligation (n = 3 procedures), and extra-anatomic bypass graft (n = 2 procedures). Table II describes the incidence of intraoperative technical problems according to suitability for other contemporary commercially available devices. There was a higher incidence of technical problems in patients who were unsuitable for other devices, both in the Nottingham and the Zenith group.
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Adverse outcome during follow-up (recurrence, complication, or death, early or late, related to the intraoperative problem or its treatment) is shown on Table III . Patients who were treated successfully with additional endovascular procedures did not have any further complications. During follow-up, recurrence occurred in two of the 15 patients with proximal endoleak. Open procedures were associated with a high mortality rate. Conservative management was associated with a high-rate of adverse outcomes. Overall, adverse outcome for patients whose condition was managed with an endovascular procedure, an open procedure, or observation was 2 of 37 patients (5%), 5 of 15 patients (33%), and 11 of 29 patients (38%), respectively (Table IV) .
DISCUSSION
Our experience with EVR of AAA began on March 1994. Until March 1999, 283 procedures were performed by our vascular surgeons and radiologists. The first 23 were performed with the Chuter device and have been previously reported. 9, 10 The first Nottingham graft was placed on February 1995 (the beginning of our study period) and the first Zenith graft on July 1996. Ruptured aneurysms (n = 12 aneurysms), a small number of other commercially available devices used (n = 5 aneurysms), and procedures performed at other institutions (n = 39 aneurysms) were excluded from our study. We reviewed 204 cases, which represent a single center experience with two grafts and provide a uniform study of intraoperative problems during EVR of complex aneurysms.
The incidence of intraoperative problems in our study was higher than several other series. [11] [12] [13] This is not surprising because of the complexity of aneurysms that we treated. Based on proximal neck diameter, common iliac diameter, and neck length, most of our patients were not suitable for most of JOURNAL OF VASCULAR SURGERY Volume 31, Number 6 Kalliafas et al 1189 Table III (22) the commercially available devices. 3, [14] [15] [16] [17] There was a smaller incidence of problems with the Zenith system, probably because of better case selection. In the Zenith group, only 10 of 28 patients were not suitable for other devices, compared with 99 of 176 patients in the Nottingham group. Some of the available modalities for treatment of proximal endoleak include balloon dilatation, extension piece placement, coil embolization, and open procedures. We used balloon dilatation when there was inadequate seal around a graft properly placed inside the infrarenal aortic neck. The exact mechanism by which balloon dilatation sealed a proximal endoleak of a graft made of self-expandable stents is not entirely clear. We can elaborate that the effect of the balloon was to realign the graft along the longitudinal axis of the neck rather than to increase the radial force, which is limited by the Dacron fabric anyway. Indeed, particularly in the case of an angulated neck, the graft can be lifted from the aortic wall, and this can possibly cause an endoleak. When the proximal graft was positioned lower than expected or migrated during deployment, we placed an extension piece from the infrarenal aorta to the graft. On one occasion we used an extension piece to correct a graft angulation, which prevented proper expansion of the proximal stent. In our experience, both balloon dilatation and extension piece placement were moderately effective in the treatment of proximal endoleaks. They were performed in 19 patients and were successful in 15 patients; these were not associated with further complications. During follow-up, there were only two recurrences.
Transcatheter coil embolization has been suggested by some authors. 18 With the use of the brachial or femoral approach, a catheter is inserted between the graft and the vessel wall, and coil embolization is performed. In most cases, the sac is thrombosed, and no further leak is identified. In animal studies, coil embolization failed to decrease intra-aneurysm pressure, despite resolution of the endoleak. 19 These findings suggest that patients may be exposed to continuing risk of rupture. We did not use this modality of treatment in our series, but we share the concerns about persistent increased intraaneurysm pressure.
Open procedures for proximal endoleak were performed when endovascular techniques failed or were not feasible. They were associated with increased mortality rates. All deaths occurred in patients who were at high risk for laparotomy. Other authors 20 report similar findings, after the conversion to open repair in high risk patients. We used two types of open procedures. The first one was standard open aneurysm repair with proximal and distal aortic clamping. The second one, which was feasible in cases where the graft had not migrated distally, was open placement of periaortic ligatures. Through a midline or transverse incision the aortic neck was exposed, and the left renal vein was dissected. With the use of careful technique to avoid troublesome bleeding from the lumbar veins, the aortic neck was dissected circumferencially. The position of the endograft was identified by fluoroscopy. With right-angled forceps two or more 5-mm nylon tapes were passed around the aortic neck. The forceps were passed from right to left to avoid bleeding from the cava. On average we used two nylon tapes, placed 1 cm apart. The tapes were tied around the neck, compressing the neck against the graft. This procedure avoids aortic clamping and may be less invasive for high-risk patients. Potential problems include bleeding from the cava or lumbar veins, excessive or inadequate compression of the aortic neck against the graft, and renal artery embolization from thrombus that originates from the aortic neck. We have used this technique in six patients. Four patients recovered uneventfully, and two patients died in the early postoperative period (one of acute renal failure and one of colonic ischemia).
We managed expectantly six patients with multiple medical comorbidities, and none of them experienced the sealing of the proximal endoleak spontaneously. Other investigators reported similar findings. Blum et al 2 had five patients with intraprocedural proximal leak. During follow-up, only one endoleak thrombosed; the remaining four endoleaks required secondary procedures at a later stage. Zarins et al 3 reported the follow-up of seven similar patients; two endoleaks sealed spontaneously, and five endoleakes required future endovascular interventions for persistent or recurrent endoleak. Prevention of proximal endoleak is important, and currently we are in the process of reviewing preoperative computed tomography scans to identify anatomic factors associated with proximal endoleak.
Most of the distal endoleaks were treated with additional endovascular techniques. In cases of persistent occluder leak, extraperitoneal common iliac ligation through an iliac fossa incision was well tolerated by our patients. There was no adverse outcome related to a distal endoleak, and none of them recurred during follow-up. According to other investigators, persistent distal endoleaks may have a more benign course compared with proximal ones. Stelter et al 21 reported the outcome after observing 16 distal endoleaks. Four endoleaks sealed spontaneously; four endoleaks required secondary endovascular intervention, and eight endoleaks were persistent but without an increase in aneurysm size. On the basis of their findings, they advocated longer follow-up before considering further intervention.
Twelve percent of partially stented grafts developed kinks and were treated with Wallstent placement. Similar findings have been reported by other investigators. 22 There were no more kinks after the introduction of fully stented grafts.
Precise visualization of renal and internal iliac arteries can be difficult in complex aneurysms because of vessel tortuosity. With anteriorly angulated necks, we found craniocaudal rotation of the C arm very helpful in identifying the origin of the renal arteries. For better visualization of the origin of internal iliacs, we recently adopted the policy of placing 4F straight catheters (Cook Europe) in each common iliac artery. They are placed through a separate arterial puncture distal to the femoral arteriotomy. After the proximal graft is positioned, a small amount of contrast is injected in the common iliac artery. The internal iliac origin is identified, and the remaining graft is deployed.
It is evident from our study that physicians involved in the endovascular treatment of complex aneurysms should be proficient in both advanced endovascular and open techniques. In our hands, this is accomplished by a team effort between vascular surgeons and radiologists. Both are actively involved in the procedure, and each one is needed to offer their expertise if an intraoperative problem occurs.
We conclude that intraoperative problems during EVR of complex AAA are frequent and require additional endovascular or open procedures. Endovascular treatment of intraoperative problems did not result in high recurrence rates. Open procedures, when necessary in high-risk patients, were associated with increased mortality rates. Expectant management of proximal endoleak was associated with high incidence of adverse outcome. Physicians involved in the EVR of complex AAA should be skillful in advanced endovascular and open procedures.
